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INHIBITING OF EROSION OF VESSELS 



THIS INVENTION relates to the inhibiting of erosion of vessels. In particular, it 
relates to a method of inhibiting erosion of an interior surface of a process vessel, 
such as an interior refractory surface of a reformer, to a process vessel and to a 
method of converting a reformer. 

According to a first aspect of the invention, there is provided a method of 
inhibiting erosion of an interior surface of a process vessel by solid objects carried 
in a fluid passing over the interior surface, the method including providing at least 
one formation at or in close proximity to the interior surface to interfere with the 
flow of the fluid over the interior surface, and to interfere with the movement of 
the solid objects by the fluid. 

The formation may, for example, deflect the solid objects away from the interior 
surface or trap the solid objects. 
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At least a portion of the interior surface of the vessel may be substantially 
cylindrical, and the fluid may follow a whirling flow path. Thus, the method may 
include providing a plurality of circumferentially spaced formations at or in close 
proximity to an annular portion or zone of the interior surface expected to be most 
affected by erosion. The formations may be provided in a horizontal plane and 
may be equidistantly spaced. 

The process vessel may be a reformer for producing synthesis gas, e.g. an 
autothermal or secondary reformer. 

The objects may be trapped in bays or pockets defined between pairs of 
formations or between each formation and the interior surface of the vessel, as 
the case may be. 

According to a second aspect of the invention, there is provided a method of 
inhibiting erosion of an interior refractory surface of a reformer for producing 
synthesis gas, by solid objects carried in a gas stream passing over the interior 
refractory surface, the method including providing at least one formation at or in 
close proximity to the refractory surface in the path of the objects to interfere 
with the flow of the gas over the interior surface, and to interfere with the 
movement of the solid objects by the gas. 

A plurality of formations may be provided. Each formation may trap the solid 
objects, the objects being trapped in bays or pockets defined between pairs of 
formations or between each formation and the interior refractory surface, as the 
case may be. 

Typically, the reformer includes a catalyst bed with retaining means on the 
catalyst bed for retaining the catalyst bed in position in the face of high gas 
velocities in the reformer. The retaining means may be a generally horizontally 
extending tile or brick layer, the tiles or bricks being configured to allow gas to 
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pass downwardly through the tile or brick layer. Pieces of refractory lining above 
the tiie or brick layer and sometimes pieces of the tiles or bricks can, however, 
in use break loose and can then be whirled around the inner periphery of the 
reformer in an annular zone above the tile or brick layer by the gas flowing 
5 through the reformer, particularly in reformers converted to include an open flame 
reaction zone above the catalyst bed, and to reformers operated at higher gas 
throughput than originally designed for. These solid objects erode the refractory 
surface in an annular band or zone extending for a short distance, e.g. 30cm, 
above an upper surface of the tiie or brick layer. 

10 Preferably, the method includes providing a plurality, e.g. six, formations at or in 
close proximity to the interior refractory surface and above the upper surface of 
the tile or brick layer so that the formations are located within the whirling flow 
path of the solid objects. 

In one embodiment of the invention, providing a plurality of formations includes 
15 placing a plurality of tiles or bricks, e.g. six, each having an increased depth or 
thickness compared to other tiles or bricks in the layer of tiles or bricks, at spaced 
peripheral positions in the layer of tiles or bricks, adjacent the interior refractory 
surface. Typically, the tiles or bricks of increased depth or thickness are 
equidistantly spaced. 

20 According to a third aspect of the invention, there is provided a process vessel 
which includes 

a body defining an interior vessel surface; 
a catalyst bed in the body; 

retaining means on the catalyst bed for retaining the catalyst bed in 
25 position; and 

at least one formation at or in close proximity to the interior vessel surface 
above the retaining means for interfering with fluid flow above the retaining 
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means, which fluid flow can cause fluid-borne solid objects in said flow to erode 
the interior vessel surface above the retaining means. 

The or each formation may be arranged to deflect the solid objects away from the 
interior surface. Typically, the or each formation is however arranged to trap the 
solid objects. 

The process vessel may be a reformer for the production of synthesis gas. The 
retaining means may include a generally horizontally extending layer of tiles or 
bricks laid on top of the catalyst bed, the layer of tiles or bricks allowing fluid to 
pass downwardly through the layer. The vessel may include a plurality e.g. six, 
spaced formations for interfering with fluid flow above the layer of tiles or bricks. 
Each formation may be defined by a tile or brick in the layer having an increased 
depth or thickness compared to the depth or thickness of other tiles or bricks in 
the layer. The tiles or bricks of increased depth or thickness may be located at 
circumferentiaily equidistantly spaced peripheral positions in the layer of tiles or 
bricks, and each tile or brick of increased depth may act to trap the gas-borne 
solid objects in a bay or pocket defined between The brick or tile of increased 
depth and the interior vessel surface, or between two such bricks or tiles. 

Each tile or brick may be polygonal in outline in plan view, e.g. hexagonal or part- 
hexagonal in plan view. Thus, some of the tiles or bricks may be regular 
hexagonal in plan view, some may be trapezoidal and half of a regular hexagon 
in plan view, and some may be pentagonal shaped in plan view to allow the tiles 
or bricks to be laid out next to one another in abutting side by side relationship 
in a horizontal plane to form a roughly hexagonal plane figure in outline in plan 
view having extremities which fall on the outline of a hexagon and a circle. 

At least some of the bricks or tiles may include a plurality of passages extending 
therethrough between an opening in a top surface and an opening in a bottom 
surface of each of said some bricks or tiles. At least 15% of a top surface area 
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of each apertured brick or tile may be occupied by the openings of the passages. 
Preferably, the percentage of the top surface area of each apertured brick or tile 
occupied by the openings is at least 20%, e.g. 21 %. Typically, however, at 
least some, e.g. seven, centrally located bricks or tiles have no passages. 

A ratio between the depth or thickness of the bricks or tiles having an increased 
depth or thickness to the depth or thickness of the other bricks or tiles in the 
layer may be between 1 ,5:1 and 2:1. Preferably, the ratio is between 1 ,8: 1 and 
1,9:1. In one embodiment, the ratio is between 1 ,82:1 and 1 ,84:1 , e.g. 1 ,83: 1 . 

Examples of suitable materials for the bricks or tiles are high purity alumina 
' Al 2°3^ brick or calcium bonded tabular alumina castable with an alumina content 
of greater than 96% by weight. 

According to a fourth aspect of the invention, there is provided a method of 
converting a reformer for production of synthesis gas having a catalyst bed but 
no open flame reaction zone above the catalyst bed, to a reformer having a 
catalyst bed and an open flame reaction zone above the catalyst bed, the 
method including providing at least one formation at or in close proximity to an 
interior refractory surface of the reformer at an elevation at which erosion of the 
refractory surface of the converted reformer due to gas-borne solid objects is 
expected, the formation acting to interfere with the flow of the gas over the 
interior surface, and to interfere with the movement of the solid objects by the 
gas. 

This interference may act, for example, to deflect the solid objects away from the 
interior vessel surface, or to trap the solid objects. 



Preferably, the formation is configured to trap the gas-borne solid objects. 
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The reformer may include retaining means on the catalyst bed for retaining the 
catalyst bed in position. The formation may be provided so that it interferes with 
the movement of solid objects expected to be carried by the gas in a whirling 
flow path above the retaining means. 

5 The retaining means may include a layer of bricks or tiles laid on top of the 
catalyst bed. The method may include replacing at least some of the existing 
bricks or tiles in the layer with replacement bricks or tiles which are larger in plan 
view and/or which are heavier, compared to the existing bricks or tiles in the 
layer. 

Preferably, the method includes providing a plurality of formations at or in close 
proximity to the interior refractory surface of the reformer at the elevation at 
which erosion of the refractory surface due to gas-borne solid objects is expected. 
Each formation may be defined by a brick or tile in the layer having an increased 
depth or thickness compared to the depth or thickness of other tiles or bricks in 
the layer. The bricks or tiles and the layer of bricks or tiles may thus be as 
hereinbefore described. 

The tiles or bricks of increased depth or thickness may thus be located at 
circumferentially equidistantiy spaced peripheral positions in the layer of tiles or 
bricks. 

20 All of the existing bricks or tiles in the layer may be replaced with replacement 
bricks or tiles. Some of the replacement bricks or tiles may be regular hexagonal 
in plan view, some of the replacement bricks or tiles may be trapezoidal and half 
of a regular hexagon in plan view, and some of the replacement bricks or tiles 
may be pentagonal shaped in plan view, allowing the replacement bricks or tiles 

25 to be laid out next to one another in abutting side by side relationship in a 
horizontal plane to form a roughly hexagonal plane figure in outline in plan view 
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' having extremities which fall on the outline of a hexagon and a circle, as 
hereinbefore described. 

Each replacement brick or tile of standard depth may have the same nominal 
diameter, a ratio between the nominal diameter and a thickness or depth of each 
5 replacement brick or tile of standard depth being between 4:1 and 1:1. 

Preferably, the ratio between the nominal diameter and the thickness or depth of 
these replacement bricks or tiles are between 3:1 and 2:1, e.g. 2,5:1. By 
nominal diameter is meant the diameter of a circle on which the extremities of 
each replacement brick or tile fall in plan view. 

10 The invention will now be described, by way of example, with reference to the 
accompanying diagrammatic drawings, in which 

Figure 1 shows a partially sectioned side elevational view of a reformer 
converted in accordance with the invention; 

Figure 2 shows a top plan view of a brick or tile layer of the reformer of 
1 5 Figure 1 ; 

Figure 3 shows a top plan view of a hexagonal brick or tile of the brick or 
tile layer of Figure 2; 

Figure 4 shows a sectioned side view of the brick or tile of Figure 3 taken 
at IV-IV in Figure 3; 

20 Figure 5 shows a top plan view of a pentagonal brick or tile of the brick or 

tile layer of Figure 2; 

Figure 6 shows a sectioned side view of the brick or tile of Figure 5 taken 

at VI-VI in Figure 5; 

Figure 7 shows a top plan view of a half hexagonal brick or tile of the brick 
25 or tile layer of Figure 2; and 
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Figure 8 shows a sectioned side view of the brick or tile of Figure 7, taken 
at VIII-VIII in Figure 7. 

Referring to Figure 1 of the drawings, reference numeral 10 generally indicates \ 
a vertically orientated reformer converted in accordance with the invention. The 
5 reformer 10 is suitable for the production of synthesis gas and has been 

converted from having a catalyst bed 1 2 but no open flame reaction zone above 
the catalyst bed 12, to having the catalyst bed 12 and an open flame reaction 
zone 14 above the catalyst bed 12. 

The reformer 10 includes a body 1 6 which includes a refractory layer 1 8 defining 
10 an interior vessel surface 20. Retaining means, in the form of a horizontally 



extending brick or tile layer 22, rests on the catalyst bed 12 for retaining the 
catalyst bed 12 in position in use. The reformer 10 has an internal diameter of 

2 J 04m. 
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With reference to Figure 2 of the drawings, the brick or tile layer 22 forms a 
roughly hexagonal plane figure in outline in plan view, having extremities in the 
form of rounded or bevelled corners which fall on the outline of a hexagon, as 
well as on the outline of a circle. The layer 22 comprises thirty tiles or bricks 24 
which are regular hexagonal in plan' view, six tiles or bricks 26 which are 
pentagonal in plan view and twelve tiles or bricks 28 which are a trapezoidal half 



20 



of a hexagon in plan view. As shown in Figure 2 of the drawings, the tile or brick 
layer 22 substantially spans the interior of the reformer 10. 



25 



The pentagonal tiles or bricks 26 are located at positions corresponding to the six 
rounded corners of the hexagonal layer 22 defined by the tiles or bricks 24, 26, 
28. The tiles or bricks 26 are thus located at circumferentially equidistantly 
spaced peripheral positions in the layer 22 of tiles or bricks, in close proximity 
to the interior vessel surface 20 defined by the refractory layer 1 8. An expansion 
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gap (not shown) of 21mm is provided between each brick or tile 26 and the 
interior vessel surface 20. 

Each hexagonal brick or tile 24 has a nominal diameter of 300mm and a thickness 
or depth of 1 20mm. Thus, a ratio between the diameter and the depth of each 
brick or tile 24 is 2,5:1. Nineteen circular cylindrical passages 30 extend 
respectively between openings in a top surface and openings in a bottom surface 
in each brick or tile 24 (not shown in Figure 2). The centres of the passages 30 
are spaced 55mm apart from each other. Thus, the passages are arranged in a 
regular hexagonal layout. The percentage of the top surface area of each 
apertured brick or tile 24 occupied by the openings of the passages 30 is 25,8%. 
However, seven centrally located regular hexagonal tiles or bricks 32 do not have 
any passages extending through them. 

Referring to Figure 6 of the drawings, and comparing Figure 6 to Figures 4 and- 
8 of the drawings, it is apparent that the pentagonal tiies or bricks 26 are deeper 
1 5 or thicker than the tiles or bricks 24, 28. Each tile or brick 26 has a thickness or 

depth of 220mm and a nominal diameter of 300mm. 

Each half hexagonal tile or brick 28 has a nominal diameter of 300mm and a 
depth or thickness of 1 20mm, which is the same as the depth or thickness of the 
tiles or bricks 24. 

20 As shown in Figures 5 and 7 of the drawings, the tiles or bricks 26, 28 also have 
circular cylindrical passages 30 extending through them. Each passage has a 
diameter of 32mm, which is the same as the diameter of the passages 30 
extending through the hexagonal tiles or bricks 24. Thus, the bricks or tiles 26, 
28 have fewer passages than the bricks or tiles 24, thirteen in the case of the 

25 bricks or tiles 26, and seven in the case of the half hexagonal bricks or tiles 28. 



5 



10 



WO 00/61277 PCT/IBOO/00449 

10 

In use, hydrocarbon gas, such as methane, is reacted thermally and catalytically 
with steam and oxygen in the reformer 10 at a temperature of about 800°C to 
1300°C to produce synthesis gas which includes CO, H 2 and C0 2 - The gas is 
passed vertically downwardly through the reformer 10, from the open flame 
reaction zone 1 4 through the brick or tile layer 22 and the catalyst bed 1 2. The 
hydrocarbons are reformed in an open flame in the open flame reaction zone 
14 above the brick or tile layer 22, as well as in the catalyst bed 1 2. However, 
as the reformer 1 0, prior to being converted to a reformer which includes an open 
flame reaction zone 1 4, included only the catalyst bed 1 2 and not the open flame 
reaction zone 14, it has an internal diameter which is relatively small compared 
to the internal diameter of other reformers designed from the start to operate with 
an open flame reaction zone as well as a catalyst bed and having the same design 
throughput as the reformer 10. As a result, higher gas velocities are encountered 
in the open flame reaction zone 14, as well as in the rest of the converted 
reformer 10, compared to said other reformers. 

In a reformer designed from the start to operate with an open fiame reaction zone 
14 and a catalyst bed 12, the gas velocity through the reformer is high enough 
to move catalyst and refractory particles, leading to erosion of the catalyst and 
erosion of the refractory layer 18. As will be appreciated, this situation is 
20 exacerbated by the even higher gas velocities in the converted reformer 10. 

Erosion products build up in the catalyst bed 12, leading to an increased pressure 
drop through the catalyst bed 1 2 and to a lower throughput through the reformer 
10. Thus, the purpose of the brick or tile layer 22 is to inhibit movement of the 
catalyst particles in the catalyst bed 12. 

25 As mentioned above, the gas velocity through the converted reformer 10 is even 
higher than the gas velocities through reformers which were designed from the 
start to operate with an open flame reaction zone and a 

catalyst bed. The high gas velocities cause movement of the catalyst particles 
and of the original bricks or tiles in the brick or tile layer, if they are retained in 
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the converted .reformer/ thus causing erosion of the refractory layer 18. In 
addition, pieces of the refractory layer 18 above the tile or brick layer 22 and 
sometimes pieces of the tiies or bricks of the layer 22 break loose and can then 
be whirled around the inner periphery of the reformer 10, in an annular zone 
5 above the tile or brick layer 22, by the gas flowing through the reformer 10. 
These solid objects typically erode the refractory surface in an annular band 
extending for a short distance, e.g. about 30cm, above the tile or brick layer 22. 

The bricks or tiles 24, 26, 28 of the converted reformer 1 0 are thus larger in plan 
view and heavier, compared to the original bricks or tiles which were used to 

1 0 make up the brick or tile layer 22 in the reformer 1 0 prior to the conversion of the 
reformer 10 in accordance with the invention and immediately after the 
conversion of the reformer 1 0 to operate with the open flame reaction zone. This 
inhibits the moving or lifting of the bricks or tiles owing to the high gas velocity 
through the converted reformer 10. Furthermore, the bricks or tiles 26 of 

15 increased height each define a bay or pocket in which solid objects whirled 
around the reformer 10 above the layer 22 by the gas passing through the 
reformer 10 can be trapped, thus inhibiting erosion of the refractory layer 18 
above the tile or brick layer 22. 



It is an advantage of'the invention, as illustrated, that it provides a relatively 
20 cheap option to inhibit erosion of surfaces of a reformer which has been 
converted to include an open flame reaction zone, or which is operated above its 
original design throughput. 
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1- A method of inhibiting -erosion of an interior surface of a process 

vessel by solid objects carried in a fluid passing over the interior surface, the 
method including providing at least one formation at or in close proximity to the 
interior surface to interfere with the flow of the fluid over the interior surface, and 
to interfere with the movement of the solid objects by the fluid. 

2. A method as claimed in Claim 1, in which the formation traps the 
solid objects. 

3. A method as claimed in Claim 1 or Clam 2, in which at least a 
portion of the interior surface of the vessel is substantially cylindrical, and in 
which the fluid follows a whirling flow path, the method including providing a 
plurality of circumferentialiy spaced formations at or in close proximity to an 
annular portion or zone of the interior surface expected to. be most affected by 
erosion. 

4. A method as claimed in Claim 3, in which the formations are 
provided in a horizontal plane and in which the formations are equidistantly 
spaced. 

5. A method as claimed in Claim 3 or Claim 4, in which the objects are 
trapped in bays or pockets defined between pairs of formations or between each 
formation and the interior surface of the vessel, as the case may be. 

6. A method of inhibiting erosion of an interior refractory surface of a 
reformer for producing synthesis gas, by solid objects carried in a gas stream 
passing over the interior refractory surface, the method including providing at 
least one formation at or in close proximity to the refractory surface in the path 
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of the objects to interfere with the flow of the gas over the interior surface, and 
to interfere with the movement of the solid objects by the gas. 

7. A method as claimed in Claim 6, in which a plurality of formations 
are provided and in which each formation traps the solid objects, the objects 
being trapped in bays or pockets defined between pairs of formations or between 
each formation and the interior refractory surface, as the case may be. 

8. A method as claimed in Claim 6, in which the reformer includes a 
catalyst bed with retaining means, in the form of a generally horizontally 
extending tile or brick layer configured to allow gas to pass downwardly through 
the tile or brick layer, on the catalyst bed for retaining the catalyst bed in position 
in the face of high gas velocities in the reformer, the method including providing 
a plurality of formations at or in close proximity to the interior refractory surface 
and above an upper surface of the tile or brick layer. 

9. A method as claimed in Claim 8, in which the formations are located 
in an annular band or zone extending from the upper surface of the tile or brick 
layer to about 30cm above the upper surface of the tile or brick layer. 

10. A method as claimed in Claim 8 or Claim 9, in which providing a 
plurality of formations includes placing a plurality of tiles or bricks, each having 
an increased depth or thickness compared to other tiles or bricks in the layer of 
tiles or bricks, at spaced peripheral positions in the layer of tiles or bricks, 
adjacent the interior refractory surface. 

11. A process vessel which includes 

a body defining an interior vessel surface; 
a catalyst bed in the body; 

retaining means on the catalyst bed for retaining the catalyst bed in 
position; and 
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at least one formation at or in close proximity to the interior vessel surface 
above the retaining means for interfering with fluid flow above the retaining 
means, which fluid flow can cause fluid-borne solid objects in said flow to erode 
the interior vessel surface above the retaining means. 

1 2. A vessel as claimed in Claim 1 1 , in which the or each formation is 

arranged to deflect the solid objects away from the interior surface. 

13. A vessel as claimed in Claim 1 1, in which the or each formation is 
arranged to trap the solid objects. 

14. A vessel as claimed in any one of Claims 1 1 to 1 3 inclusive, in 
which the retaining means includes a generally horizontally extending layer of tiles 
or bricks laid on top of the catalyst bed, the layer of tiles or bricks allowing fluid 
to pass downwardly through the layer, the vessel including a plurality of spaced 
formations for interfering with fluid flow above the layer of tiles or bricks, each 
formation being defined by a tile or brick in the layer having an increased depth 
or thickness compared to the depth or thickness of other tiles or bricks in the 
layer. 

15. A vessel as claimed in Claim 14, in which the tiles or bricks of 
increased depth or thickness are located at circumferentially equidistantly spaced 
peripheral positions in the layer of tiles or bricks. 

1 6. A vessel as claimed in Claim 1 4 or Claim 1 5, in which some of the 

tiles or bricks are regular hexagonal in plan view, some are trapezoidal and half 
of a regular hexagon in plan view, and some are pentagonal shaped in plan view, 
allowing the tiles or bricks to be laid out next to one another in abutting side by 
side relationship in a horizontal plane to form a roughly hexagonal plane figure in 
outline in plan view having extremities which fall on the outline of a hexagon and 
a circle. 
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17- A vessel as claimed in any one of Claims 1 4 to 16 inclusive, in 

which at least some of the bricks or tiles include a plurality of passages extending 
therethrough between an opening in a top surface and an opening in a bottom 
surface of each of said some bricks or tiles, at least 15% of a top surface area 
of each apertured brick or tile being occupied by the openings of the passages. 

18. A vessel as claimed in Claim 1 7, in which the percentage of the top 
surface area of each apertured brick or tile occupied by the openings is at least 
20%, at least some centrally located bricks or tiles having no passages. 

19. A vessel as claimed in any one of Claims 14 to 18 inclusive, in 
which a ratio between the depth or thickness of the bricks or tiles having an 
increased depth or thickness to the depth or thickness of the other bricks or tiles 
in the layer is between 1 ,5:1 and 2:1 . 

20. A method of converting a reformer for production of synthesis gas 
having a catalyst bed but no open flame reaction zone above the catalyst bed, to 
a reformer having a catalyst bed and an open flame reaction zone above the 
catalyst bed, the method including providing at least one formation at or in close 
proximity to an interior refractory surface of the reformer at an elevation at which 
erosion of the refractory surface of the converted reformer due to gas-borne solid 
objects is expected, the formation acting to interfere with the flow of the gas 
over the interior surface, and to interfere with the movement of the solid objects 
by the gas. 

21 . A method as claimed in Claim 20, in which the formation is 
configured to trap the gas-borne solid objects. 

22. A method as claimed in Claim 20 or Claim 21 , in which the reformer 
includes retaining means on the catalyst bed for retaining the catalyst bed in 
position, the formation being provided so that it interferes with the movement of 
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solid objects expected to be carried by the gas in a whirling flow path above the 
retaining means. 

23. A method as claimed in Claim 22, in which the retaining means 
includes a layer of bricks or tiles laid on top of the catalyst bed, the method 

5 including replacing at least some of the existing bricks or tiles in the layer with 

replacement bricks or tiies which are larger in plan view and/or which are heavier, 
compared to the existing bricks or tiies in the layer. 

24. A method as claimed in Claim 23, which includes providing a 
plurality of formations at or in close proximity to the interior refractory surface of 

10 the reformer at the elevation at which erosion of the refractory surface due to 
gas-borne solid objects is expected, each formation being defined by a brick or 
tile in the layer having an increased depth or thickness compared to the depth or 
thickness of other tiles or bricks in the layer. 

25. A method as claimed in Claim 24, in which the tiles or bricks of 
1 5 increased depth or thickness are located at circumferentially equidistantly spaced 

peripheral positions in the layer of tiles or bricks. 

26. A method as claimed in Claim 24 or Claim 25, in which all of the 
existing bricks or tiles in the layer are replaced with replacement bricks or tiles, 
some of the replacement bricks or tiles being regular hexagonal in plan view, 

20 some of the replacement bricks or tiles being trapezoidal and half of a regular 
hexagon in plan view, and some of the replacement bricks or tiles being 
pentagonal shaped in plan view, allowing the replacement bricks or tiles to be laid 
out next to one another in abutting side by side relationship in a horizontal plane 
to form a roughly hexagonal plane figure in outline in plan view having extremities 

25 which fall on the outline of a hexagon and a circle. 



■ 
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27. A method as claimed in Claim 26, in which at least some of the 
bricks or tiles include a plurality of passages extending therethrough between an 
opening in a top surface and an opening in a bottom surface of each of said some 
bricks or tiles, at least 1 5% of a top surface area of each apertured brick or tile 

5 being occupied by the openings of the passages. 

28. A method as claimed in Claim 27, in which the percentage of the top 
surface area of each apertured brick or tile occupied by the openings is at least 
20%, at least some centrally located bricks or tiles having no passages. 

29. A method as claimed in any one of Claims 24 to 28 inclusive, in 
10 which a ratio between the depth or thickness of the bricks or tiles having an 

increased depth or thickness to the depth or thickness of the other bricks or tiles 
in the layer is between 1,5:1 and 2:1. 

30. A method as claimed in any one of Claims 24 to 29 inclusive, in 
which a ratio between a nominal diameter and the thickness or depth of each 

1 5 replacement brick or tile of standard depth is between 4:1 and 1 :1 . 

31. A method as claimed in Claim 30, in which the ratio between the 
nominal diameter and the thickness or depth of each replacement brick or tile of 
standard depth is between 3:1 and 2:1. 

32. A method of inhibiting erosion of an interior surface of a process 
20 vessel as claimed in Claim 1, substantially as herein described and illustrated. 

33. A method of inhibiting erosion of an interior refractory surface of a 
reformer as claimed in Claim 6, substantially as herein described and illustrated. 

34. A process vessel as claimed in Claim 1 1 , substantially as herein 
described and illustrated. 
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35. A method of converting a reformer as claimed in Claim 20, 

substantially as herein described and illustrated. 



36. A new method of inhibiting erosion, a new vessel; or a new method 

of converting a reformer, substantially as herein described. 
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